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Abstract

The stress response of coral troBt€ctropomus leopardyiso wild capture or controlled shallow water stressors

was investigated. Stress associated with capture from the wild, handling and transport and shallow water evoked
significant changes in circulating levels of cortisol, glucose, lactate, haemoglobin (Hb) and haematocrit (Hct) in
coral trout. Plasma glucose, Hb and Hct increased over 30 to 60 min in response to the controlled stressor and
then returned toward unstressed levels, even if the stressor persisted. Cortisol increased to maximum levels over
the 60 min following the onset of the stressor and remained elevated for 4 h in the case of a single 30 min shallow
water event or 3 d in response to the capture, handling and transport. The difference between the responses of
blood glucose and cortisol suggests that cortisol does not maintain blood glucose during stress in coral trout.
The concentrations of circulating thrombocytes, lymphocytes and granulocytes were also significantly affected by
shallow water stress. As lymphocytes and granulocytes are importantimmune components, reduced concentrations
of these cells may explain the increases in disease susceptibility, commonly observed in stressed fish during live
transport.

Introduction 1997). The primary response to stress involves the
activation of two major systems: the hypothalamic-
The concept of biological stress applied to fishes pituitary-interrenal (HPI) axis and the sympathetico-
has attracted considerable attention in recent years.chromaffin (SC) system. Stimulation of the HPI axis
While many of the earlier studies addressed the effectsresults in increased circulating levels of cortisol while
of stress on cold water fishes such as salm@n-(  stimulation of the SC system results in increased cir-
corhynchusspp.) and trout%almospp.) (e.g., Barton  culating levels of adrenaline. These neuroendocrine
and Peter 1982; Schreck 1982), more recent studiesreactions in turn stimulate secondary responses which
have investigated subtropical species such as snap-are manifested as changes in a range of biochemical,
per (Pagrus auratus (Lowe et al. 1993), red drum  physiological, haematological and immunological pa-
(Sciaenops ocellatyigRobertson et al. 1988) and sea rameters (Barton and Iwama 1991). If the stress is
bream Gparus auratp(Arends et al. 1999). Generally, severe or prolonged, tertiary responses follow. These
these investigations have sought to provide informa- include alterations in disease resistance, growth, re-
tion aimed at enhancing aquaculture production or productive output, and overall condition and market
explaining fish responses during capture and transportquality (Lowe et al. 1993; Sumpter 1991).
(Carragher and Rees 1994; Davis and Parker 1986). In general, the magnitude of the stress response
The response of fish to stress can be divided into reflects the intensity of stress experienced (Barton
primary, secondary and tertiary components, accord- and lwama 1991). Accordingly, periodic, quantitative
ing to the level of organisation at which it operates measurements of primary, secondary and tertiary re-
(Wedemeyer and McLeay 1981; Wendelaar Bonga sponses allow the intensity of stress experienced by a
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fish and the likely effect of that stress on its subsequent time 0 samples were assumed not to be significantly

health and survival to be evaluated. different from resting or unstressed levels (Pankhurst
Coral trout Plectropomus leopardugamily Ser- and Sharples 1992).
ranidae) is a tropical fish which inhabits off-shore Fish remained in the holding tanks during transport

coral reefs in Northern Australia and the Indo-Pacific to the James Cook University Aquaculture Facility,
region (Randall et al. 1990). The export of live coral Townsville, Australia. This involved 1.5 h sea travel
trout comprises a major industry in these areas. Har- and 3 h road travel. All sea transport wasdertaken
vesting and processing procedures such as capturejn calm weather (wind speed 10 knots; waves<
handling, confinement and transportation frequently 0.5 m). Samples up to 4 h were collected at sea, while
cause stress-induced reductions in stock quality thatthe 12 and 72 h samples were collected at the facility.
are attributable to the effects of secondary responses
such as hyperlactacemia and tissue catabolism (LoweAquarium conditions
etal. 1993). Management of the stress response, which_ o ]
has been achieved for certain cold-water species, will Thirty-six fish previously captured and sampled dur-
ameliorate these effects (Pickering 1992; Robertson iNg Experiment 1 were used in subsequent experi-
et al. 1988). The characterization of the physiological Ments. The fish were accommodated individually in
response of fish to standard stressors is an important?0 ! tanks. Each tank was supplied with approximately
step in achieving improved management practices. 11 min~t of wat.er_ from a bio-filtered, rgcwculatlon
The aim of this study was to characterize primary SyStem. Th? Sallnlty_, temperature and ¢ss_o|ved OXy-
and secondary responses Rfleopardusto capture gen se_lturatl_on_ of this system were maintained u_nder
and experimental stressors. The shallow water stressorconditions similar to those found in the natural habitat,
was chosen as the experimental stressor, as it could be? /=29 ppt, 28-30C and 80-90%, respectively. Fish
accurately controlled and repeated, irrespective of fish Were provided with a 12-h light/dark photoperiod and
size or experimental environment (Carragher and ReesWere undisturbed except for feeding with whole fish
1994; Einarsdottir and Nilssen 1996). ad libitumonce every three days.

Experiment 2

Materials and methods Experiment 2 investigated the effect of a standard

In each experiment fish were subiected to one or reference stressor, exposure to shallow water, under
P ) controlled aquarium conditions. An external overflow

more procedures (stres_sors) and subse_quentl_y_ bIOOd'outlet was lowered to reduce the water level over the
sampled at stages during or after the imposition of

. . course of approximately two min until the fish’s back
stress. Fish were sampled only once during each ex- Pp y

periment, and 5 to 8 parameters were analysed on eachWas exposed (6-12 cm deep depending on fish size)

blood sample. The majority of fish were used for more and the fish experienced difficulty remaining upright.

th . t with iod of at | tWater aeration and flow were maintained. Once the
14a3 one experiment, with a recovery period ot atleast | oier |evel was lowered, the fish were not disturbed

otherwise until blood sampling. Fish were subjected
to shallow water for 15, 30, 60, or 90 min (7 fish per
treatment), followed by dip-net capture and immediate
sampling. An additional 7 fish were caught and simi-
larly sampled from tanks that did not have the water
level lowered (unstressed fish).

Experiment 1

Experiment 1 examined the effects of capture, han-
dling and transport related stressors on fish from wild
populations of coral trout. Sixty-three fish (between
1 kg and 5 kg) were captured by angling with baited
handlines on shallow reefs of the central Great Bar-
rier Reef, Australia (1745 S; 14630 E). Fish were

landed within 20 s of hooking and either blood sam-
pled immediately (unstressed fish; time 0) or placed in
groups of up to five into 70 |, aerated holding tanks
and sampled at 15 min, 30 min, 1, 4, 12 or 72 h post-
capture (9 fish per treatment). As in other studies, the

Experiment 3

Experiment 3 examined the potential for recovery af-
ter acute exposure to shallow water stress. The water
level was reduced in each tank as in Experiment 2.
After 30 min the water level was allowed to return to
its original depth over approximately 3 min by rais-
ing the overflow pipe. Fish were sampled at 30, 60,
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150 or 240 min (7 fish per treatment) after the reduc- Cortisol
tion in water level. As in Experiment 2, samples were

collected at time 0 and considered as representingPlasma cortisol was determined by the radioim-
unstressed fish. munoassay (RIA) techniques as described by Pankhurst

et al. (1992). The tracer used wasH]-cortisol
(TRK407, Amersham, Australia) and AB1003 (Bio-
clin, United Kingdom) was used as antibody. Sam-

Experiment 4 sought to determine if fish exhibited ple radioactivity was determined with a Wallac 1410
their maximum response to an initial acute stress or if ggintillation counter.

they could respond further to successive stressors. The

experimental design sought to emulate experiences of G|ucose, lactate and haemoglobin

fish captured in the wild by commercial fishermen

and subsequently kept alive for sale. Experimental fish Plasma glucose and lactate and whole blood haemo-
were divided into five groups (7 fish per treatment). globin were assayed using test-kits adapted for use
As in Experiment 2, samples were collected at time 0 with a microplate reader. The glucose and lactate
and considered as representing unstressed fish. Fish irkits (nos. 716251 and 139084 respectively) were
groups 2 to 5 were subjected to a 30 min shallow water purchased from Boehringer-Mannheim (Castle Hill,
stress as described in Experiment 2. A group of fish Australia) and the haemoglobin kit (no. 525-A) was
was then sampled (time 30 min: 1 stressor, group 2). purchased from Sigma (Castle Hill, Australia).

The tanks of the fish in the three remaining treatments

were refilled as described in Experiment 3 after expe- Haematocrit

riencing this stressor. Fish in group 4 were allowed to

recover for 210 min before sampling (time 240 min: A heparinised microhaematocrit tube, 75 mm long
1 stressor). Fish in groups 3 and 5 were subjected to With an inner bore of 1.2 mm, was filled approxi-
a second 30 min shallow water stressor commencing Mmately three-quarters with blood and centrifuged in
30 min after the cessation of the first. Group 3 was @ Beckman GS-6R centrifuge for 5 min at 3090
sampled on completion of the second stressor (time The haematocrit value (Hct) was calculated as in Da-
90 min: 2 stressors) and group 5 was allowed to re- cie and Lewis (1984). Measurements were recorded
cover for a further 210 min after the second stressor t0 the nearest 0.5 mm. Changes in erythrocyte vol-

before sampling (time 300: 2 stressors). ume were calculated by subtracting the percentage
change in haemoglobin from the percentage change in

haematocrit during the same period.

Experiment 4

Blood samples

Blood samples (2.5 ml) were collected from the cau-
dal artery with a 22 gauge hypodermic needle. Fish
were restrained in a wet foam cradle during this time.
A blood smear was made immediately on a 1 mm
glass microscope slide which was allowed to air-dry.
One ml of blood was then allowed to clot for at least
2 h on ice, before centrifuging for 5 min at 10 090
The resulting serum was stored -aB0 °C until as-
say. The remainder of the blood was stored on ice in
a vial containing fluoride heparin to prevent clotting.

Thrombocyte, lymphocyte and granulocyte count

Where measured, total leucocyte count was deter-
mined within 4 h of sampling by diluting heparinised
blood 1:20 with Dacie’s diluting fluid (Blaxhall and
Daisley 1973). For this reason, it was not possible to
measure leucocytes in the wild captured fish. The cell
suspension was loaded onto an Improved Neubauer
haemocytometer (Clay-Adams, Parsippany, U.S.A.)
and the number of leucocytes per cubic millimetre of

Haematocrit and total leucocyte counts were under- blood calculated (Rowley 1990). Differential leuco-
taken the same day as sampling using heparinisedcyte count was determined in blood smears stained

blood. A 100ul aliquot of whole blood was stored
frozen at—20 °C for haemoglobin analysis. The re-
maining heparinised blood was centrifuged for 5 min

with May-Grunwald and Giemsa (Gurr 1973). Slides
were examined using a high power light microscope
(100x magnification) and the leucocytes identified

at 10 000g to prepare plasma that was either assayed according to Ellis (1977). One hundred leucocytes

immediately or stored frozen at20 °C. The non-
heparinised blood was similarly centrifuged and the
serum stored frozen at80°C.

were counted on each slide and classified as either
thrombocytes, lymphocytes and granulocytes. Mono-
cytes were grouped with granulocytes because, of
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their functional and morphological similarities (EI- 9.28 4+ 0.29 g I indicating an increase in erythro-
lis 1977). Thrombocyte, lymphocyte and granulocyte cytes of 43%. At the same time Hct had increased by
counts were then calculated by multiplying the per- 53% from 290 + 1.0 to 445 + 1.3% and erythro-
centage of each leucocyte type by the total leucocyte cyte volume by 10%. These data indicate that both

count. erythrocyte release and swelling occur in response to
stress associated with capture, handling and transport.
Statistical analyses At 4 h post-capture both Hb and Hct levels were not

. significantly different p > 0.05) to time O levels.
A logio transformation was applied to the cortisol

data, before proceeding with further analysis to over- Experiment 2

come heteroscedasticity (Zar 1984). All other data _ o

were analysed without transformation. The data for Cortisol levels were significantly elevategl  0.05)
each blood parameter were ana'ysed by one-way after 60 min of continuous shallow water stress (F|g'
analyses of variance (ANOVA) performed using the Ure 2a) and the Taximum observeq concentration of
SPSS software package. A significant difference was 47.2+ 9.7 ng mi™= occurred at 90 min.

considered to exist ip < 0.05.Post hoacomparisons Glucose concentrations were significantly elevated
of group means were made, using Tukey’s HSD test. in stressed fish { < 0.05) relative to those of

All data given in the text and figures are the arithmetic unstressed (time 0) fish after 15 min (Figure 2b).
meant S_E_M_ofuntransformed data_ The maXimum glucose Concentration 0f75 +

0.42 mmol 1 was observed at 60 min. Despite con-
tinued shallow water stress thereafter, glucose concen-

Results trations declined and were not significantly different
(p > 0.05) from those of unstressed fish at 60 or
Experiment 1 90 min.

Lactate concentration increased slowly in response

Fish sampled 30 min after capture from the wild had to continuous shallow water stress but was not sig-
a significantly elevatedp( < 0.05) cortisol concen-  nificantly different > 0.05) to unstressed fish
tration compared to fish sampled at time 0, although until 90 min (Figure 2c). The maximum observed
fish sampled after 15 min did not have this concen- concentration was.87 + 0.81 mmol 2.
tration (Figure 1a). Cortisol concentration continued Haemoglobin (Figure 2d) and Hct (Figure 2e) in-
to increase until 4 h post-capture when the highest creased rapidly in stressed fish and were significantly
observed concentration was.3& 7.8 ng m1. Cor- different (p < 0.05) to those of unstressed fish after 30
tisol levels significantly decreaseg (< 0.05) from and 15 min, respectively. The highest observed level
maximum concentrations by 72 h post-capture, but re- of Hb was 895 + 0.33 g I* at 60 min and of Hct
covery to time 0 levels was not observed within the was 464 + 1.3% at 30 min. After 30 min erythrocyte
experimental period. number and volume had increased by approximately

Glucose and lactate responded rapidly to capture 27 and 33%, respectively. After 90 min both Hb and
stress. By 15 min post-capture, both glucose (Fig- Hct had begun to decline and Hb was not significantly
ure 1b) and lactate (Figure 1c) concentrations were different (p > 0.05) to unstressed levels at this time.

significantly higher p < 0.05) than at time 0. Peak Significant changesp( < 0.05) in thrombocyte
concentrations were observed between 30 min and 1 h(Figure 2f), lymphocyte (Figure 2g) and granulo-
for glucose (maximum value 7.56+ 0.35 mmol -1 cyte (Figure 2h) count were detected after continuous

at 60 min) and between 15 min and 60 min for lac- exposure to shallow water. Thrombocyte counts in
tate (maximum value= 4.14 + 0.52 mmol 1 at stressed fish was significantly higher & 0.05) than

30 min). Glucose and lactate concentrations were not unstressed fish after 60 min. Lymphocyte and granu-
different to time O levels by 72 and 12 h post-capture, locyte count in stressed fish were significantly lower
respectively. (p < 0.05) than unstressed fish at both 60 and 90 min.

Capture stress caused significant increages<(
0.05) in both Hb (Figure 1d) and Hct (Figure 1e) Experiment3
after 30 min and 15 min, respectively. At 30 min

post-capture Hb had increased fromdB+ 0.23 to A single 30 min episode of shallow water stress

elicited a sustained cortisol response with no sign of
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Figure 1. Changes with time in circulating levels of cortisol, glucose, lactate, haemoglobin and haematocrit after capture by angling from the
wild and transport. Data are presented as me&E for 9 fish at each sampling time. Values with the same letters are not significantly different
(p < 0.05).
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Figure 2. Circulating levels of cortisol, glucose, lactate, haemoglobin, haematocrit, thrombocytes, lymphocytes and granulocytes after exposure
to continuous shallow water stress. Data are presented as #ne&n for 7 fish at each sampling time. Values with different letters are
significantly different to each othep(< 0.05).
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recovery after 4 h (Figure 3a). Observed increases significantly increased after either one (group 2, time
were significantly higherg{ < 0.05) than time 0 val- 30 min: 1 stressor) or two (group 3, time 90 min: 2
ues after 60 min when maximum concentrations were stressors) episodes of shallow water stress. As they
18.3 + 7.8 ng miL. Cortisol concentrations declined  did not differ significantly between the two treatments
slightly thereafter, but were still significantly higher (groups 2 and 3), there appear to be no additional
(p < 0.05) than unstressed values 210 min after effects of the second episode of stress on these pa-
termination of the stressor. rameters. Each of these parameters had returned to
In comparison to levels in unstressed fish, glu- unstressed values by 210 min after the last stressor
cose (Figure 3b) and lactate (Figure 3c) concentrations experienced (time 240 min: 1 stressor or time 300 min:
were significantly elevatedp( < 0.05), immediately 2 stressors).
after the stress period (30 min). However, glucose Lactate (Figure 4c) was significantly higher in fish
and lactate levels recovered and were not significantly that experienced a single 30 min stress (group 2, time
different (p > 0.05) from unstressed levels 120 and 30 min: 1 stressor) than in unstressed fish (group 1)
30 min respectively after the stressor was removed. and was further increased by a second 30 min shallow
Haemoglobin concentration increased t8%+ water stress (group 3, time 90 min: 2 stressors), thus
0.20 g I"1 after 30 min of shallow water (Figure 3d), indicating an additive effect of the stressors. In fish
although this value was not significantly different that experienced both one and two stressors, lactate
(p > 0.05) to unstressed levels. At 60, 150 and had returned to unstressed levels by 210 min after the
240 min Hb concentration had returned to unstressed last stressor experienced (time 240 min: 1 stressor and
levels. Similarly, Hct rose rapidly with 30 min of shal-  time 300 min: 2 stressors).
low water stress (Figure 3e) thereafter returning to
unstressed levels by 150 min.
At 150-min thrombocyte count was significantly Discussion
higher (p < 0.05) than that at time 0 (Figure 3f). How-
ever thrombocyte count recovered and was not signif- The physiological response of coral trout to capture,
icantly different p < 0.05) from unstressed levels handling and transport related stressors and a con-
at 240 min. No significant changep ~ 0.05) were trolled stressor was, in general, similar to that reported
observed in either lymphocyte count or granulocyte for temperate or cold-water species (Haux et al. 1985;

count within the 4 h experimental period. Pankhurst and Sharples 1992; Woodward and Strange
1987). However, the data obtained for coral trout indi-
Experiment 4 cate that high circulating levels of glucose and cortisol

are apparently not connected in this species. A clear

A single 30-min episode of shallow water stress depression of cellular based immunity by stress was
caused a sustained increase in cortisol concentrationg|gg apparent.
that was significantly different( < 0.05) to un- Mean plasma cortisol concentrations in fish sam-
stressed fish (group 1) at both 30 (group 2) and pled immediately after capture from the wild of less
240 min (group 4) (Figure 4a). There was no signif- than 5 ng mt! were similar to values reported for
icant difference ¢ > 0.05) in cortisol concentration  other species sampled under similar conditions (Car-
between fish sampled immediately after one (group 2, ragher and Rees 1994; Pankhurst and Sharples 1992).
time 30 min: 1 stressor) or two (group 3, time 90 min:  The cortisol response in coral trowR. (leopardu is
2 stressors) episodes of stress. However, 210 min afterchronic in nature as it is in a variety of other species
cessation of the second 30 min stress episode, cortisoI(Barton and lwama 1991; Lowe and Wells 1996;
concentration had increased further and was signif- pankhurst and Sharples 1992). Circulating cortisol
icantly higher p < 0.05) than all preceding time  showed a latent period of 15 to 30 min after capture
points (group 5) (Figure 4a). Cortisol concentration from the wild or 30 to 60 min of continuous shallow
was 115+ 1.1 ng mi* after the first episode of stress  water stress occurred before increasing. Maximum
and 517 + 13.2 ng mI-* after the second. Thus, two  values observed during this experiment were lower
sequential shallow water episodes appear to provoke athan those recorded in other species for these (Car-
cumulative cortisol response. ragher and Rees 1994; Einarsdottir and Nilssen 1996)

Relative to unstressed values (group 1), glucose or similar stressors (Robertson et al. 1988; Specker
(Figure 4b), Hb (Figure 4d) and Hct (Figure 4e) were and Schreck 1980) being =+ 7.8 ng mi! fol-
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Figure 3. Changes with time in circulating levels of cortisol, glucose, lactate, haemoglobin, haematocrit, thrombocytes, lymphocytes and
granulocytes after exposure to a 30 min episode of shallow water stress. The stippled box indicates the period of the stressor. Data are presented
as meant SE for 7 fish at each sampling time. Values with different letters are significantly different to eachyothed.(5).
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lowing wild capture or 42 + 9.7 ng mi-? during Recovery of cortisol to unstressed levels was slow
shallow water stress. Many other species subjected towith cortisol remaining elevated throughout the sam-
prolonged or intense stressors elicit cortisol responsespling period of 3 d in wild captured coral trout or

in the order of 100-500 ng mt (Barton and lwama 210 min following a shallow water stressor. Cortisol
1991). The slower and lesser response to the con-concentrations were maximal 30 min after termination
trolled stressor compared with wild capture, handling of the stressor and a decline in mean cortisol concen-
and transport may reflect the relative intensity of this tration was observed thereafter. Recovery of cortisol
stressor. levels in salmonid species exposed to acute stress is
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in the range of 4 to 24 h (Barton and Schreck 1987; cose utilisation in these animals, but wild captured
Pickering et al. 1982) although cortisol in seabream, fish maintain elevated blood glucose for up to 72 h
S. auratareturns to basal levels within 2 h of a 3 min  after capture. Thus, glucose reserves appear capa-
air exposure (Arends et al. 1999). ble of being released for much longer than observed
When coral trout experienced a single stressor, and at levels greater than the immediate metabolic
plasma cortisol concentration rose to a plateau, ratherdemand. Whilst glucose turnover rate measurements
than increasing indefinitely. Such a response has pre-under the conditions experienced by the fish in this
viously been attributed to the negative feedback of cor- study are required to allow definitive conclusions, it
tisol on the hypothalamus, which results in suppressed is apparent that blood glucose concentration in acutely
adrenocorticotrophic hormone (ACTH) release from stressed coral trout does not follow circulating levels
the pituitary (Barton and lwama, 1991). Barton et al. of cortisol.
(1986) suggest that multiple stressors evoke cumu-  Capture stress provoked a rapid increase in lactate,
lative responses, because this feedback mechanismwhich stabilised after 30 min, but did not decline to
operates less effectively when fish are allowed a short unstressed levels until 12 h post-capture. Lactate is
recovery period between disturbances. The data ob-produced by anaerobic metabolism in the white mus-
tained in this study of coral trout using these recovery cle under conditions of hypoxia or strenuous exercise
periods do not support this contention. The value ob- (Driedzic and Kiceniuk 1976). It is likely that both
served as a result of two episodes of 30 min separatedthese situations prevailed during the present study as
by a recovery of 30 min (5% &+ 13.1 ng m 1) was a result of emersion during hook removal and swim
similar to that found in fish experiencing 60 min of bladder deflation and struggling of fish during cap-
continuous stress (46+ 20.9 ng miY). ture and subsequent hook removal. Consequently, it is
Thus HPI activation in coral trout is generally not surprising that blood lactate levels were markedly
smaller in magnitude, but similar in duration, to other elevated during the post-capture period. Increases in
teleosts. plasma lactate during both acute and chronic shallow
Hyperglycaemia is a commonly reported stress re- water stress is also likely to occur, due to exercise as-
sponse in fish (Braley and Anderson 1992; Specker sociated with struggling since normal water flow and
and Schreck 1980). Plasma glucose concentrations in-aeration were maintained throughout the stress period.
creased in coral trout within 15 min of capture from The effect of a second episode of shallow water was to
the wild or in response to shallow water stress. Un- furtherincrease circulating lactate. The concentrations
like cortisol, however, a maximum concentration was of lactate observed during this study were similar to
reached 30 min after initiation of the stressor and those of other species exposed to acute experimental
blood glucose was not different to unstressed levels stressors similar to the ones used here (Carragher and
by 60 min in animals that were subject to contin- Rees 1994; Waring et al. 1992).
ued shallow water stress and 150 min in those that  The short recovery time of Hb and Hct observed
were allowed to recover. Furthermor@, leopardus in this study is typical of catecholamine-induced re-
did not significantly increase blood glucose concen- sponses to acute stress and has previously been de-
trations when exposed to a second episode of stressscribed (Lowe and Wells 1996; Soivio and Oikari
relative to those that experienced only one episode. 1976). Hct was significantly elevated at 15 min and
It has been previously considered that catecholaminesmaximal at 30 min after capture from the wild and
induce a release of glucose into the blood that is in response to shallow water stress, while blood Hb
subsequently maintained by cortisol (Pickering et al. reached maximal levels at 30 to 60 min after the on-
1982). In other species, acute stress causes an increasset of the stressor. In wild captured fish, erythrocyte
in blood metabolites which continues for at least as concentration (as indicated by Hb concentration) in-
long as elevated cortisol levels persist (Barton et al. creased by approximately 43% at 30 min after capture
1986; Pickering et al. 1982; Vijayan and Leather- while erythrocyte volume increased by approximately
land 1989). In the present study, elevation of blood 10%. This is similar to values reported for yellowtail
glucose was transient, occurring before the onset of (Seriola quinqueradiatasampled immediately after
increased blood cortisol and recovering to unstressed5 min severe exercise (Yamamoto et al. 1980). Recov-
levels despite continued high circulating concentra- ery of blood Hb content was apparent by 30 min after
tions of cortisol. The decline in blood glucose may removal of the shallow water stressor or by 90 min
be a result of glucose exhaustion or increased glu- when the fish were subjected to continuing shallow
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water. Recovery of blood Hct to unstressed levels was cholamines, thereby sustaining the response of a fish
apparent by 120 min after the removal of shallow wa- to a stressor (Leach and Taylor 1980; van der Boon
ter stress. Repeated episodes of shallow water stressl991). However, this investigation failed to show a
did not further increase Hb or Hct levels over those connection between circulating glucose and cortisol
observed after a single episode and did not appear tolevels in coral trout.
delay recovery to unstressed levels. The findings of the present study also have several
Coral trout showed a significant response in im- important commercial implications. Stress-induced
mune function to stress. The concentration of circu- lactate production can cause, among other things, sig-
lating thrombocytes increased in response to shallow nificant reductions in flesh quality, by lowering tissue
water stress. Thrombocytes are an important compo- pH and promoting the onset of rigor mortis (Elvevoll
nent of the blood clotting mechanism in fish (Hous- et al. 1996; Shahidi and Botta 1994). Similarly, stress
ton 1990) and rainbow trout blood coagulates more appears to cause a suppression of cell-mediated immu-
rapidly after stress, when it contains greater concen- nity by reducing numbers of lymphocytes and gran-
trations of thrombocytes (Cassillas and Smith 1977). ulocytes in circulation. Clearly, commercial fishing
Cassillas and Smith (1977) suggested this observationand aquaculture practices that minimize physiolog-
was a catecholamine response, serving to prepare thecal stress responses will enhance the health, flesh
fish for blood loss which often occurs during stressful quality and survival of fish. Secondly, coral trout re-
situations. That thrombocyte numbers returned to un- sponded quickly to stressors with maximal values of
stressed levels 210 min after cessation of the stressorblood parameters generally lower than those reported
even though cortisol remained elevated at this time, for cultured species (Barton and lwama 1991; Davis
supports the hypothesis that it is a catecholaminergic and Parker 1986). They also appear to recover rapidly
response. after acute stress and acclimate well to aquarium con-
Lymphocyte and granulocyte numbers declined in ditions after capture. These characteristics suggest that
coral trout in response to shallow water stress, and coral trout are capable of tolerating stressors found
by 60 min were significantly lower than unstressed in aquaculture and may therefore be appropriate for
values. The ability of lymphocytes from killifisk(n- culture in the future.
dulus heteroclitug exposed to chronic confinement
stress to proliferate in response to mitogenic stimuli,
was suppressed (Miller and Tripp 1982). Furthermore, Acknowledgements
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